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,MA Digital Cellular Standard (lS-95) 

I'^SETS : i — coded - o f ,,200 s y n*o,s se^ for 

U possible information data rates. 

1 1 4 2.2 Block Interleaver 
U» c „nvo,u„oneod,„ g and repen.io, sy m bo,s are sen, ,0 , 20 m 0,0* ** - 

1 24 by 16 array. 

U 42 3 Long PN Sequence 
,„ te forward channe,, dtac. stance is osed for d. .£» *• ™ 

acteristic polynomial [TIA93] 

42 35 ^ 33. 31 27 26 25 22 + + 

and ,„« 42 bi, srar. vec.o, of*. serro.nc, V ou,p»,s, 

mask is carried on, nfrer - " > « » ' " 

ESN = (E 31 ,E3o,E 29) E2 8 . E 27 E 3 ,E 2 ,E,> E o) 

Permuted ESN =(Eo, E 31 , E 22 , E 13 . E 4 , E 26 , E 17> E 8 ,E 30 ,E 21 ,E 12 ,E 3 , 

E 25 ,E 16 ,E 7 , E 29 , E.0, E„. Ea, E 24 ,E 15 , E 6 , E 28 , E 19 , 

E 10 ,E 1 ,E 23 ,E 14 ,E 5> E 27> E 18 ,E 9 ) 

T*. ^ ,on g coda nras k is ^^^Z^ ^ 
M 0 are set by a private procedure. F.gure 11.15 illustrates the long 
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Figure 1 1 .1 5 Long code mask format for IS-95. 



II. 4.2.4 Data Scrambler 



Data scrambling is performed after the block interleaves The 1.2288 MHz PN sequence is 
applied to a decimator, which keeps only the first chip out of every sixty-four consecutive PN 
chips. The symbol rate from the decimator is 19.2 ksps. The data scrambling is performed by 
modulo-2 addition of the interleaver output with the decimator output symbol as shown in 
Figure 11.14. 



11.4.2.5 Power Control Subchannel 

To minimize the average BER for each user, IS-95 strives to force each user to provide the same 
power level at the base station receiver. The base station reverse traffic channel receiver esti- 
mates and responds to the signal strength (actually, the signal strength and the interference) for a 
particular mobile station. Since both the signal and interference are continually varying, power 
control updates are sent by the base station every 1.25 ms. Power control commands are sent to 
each subscriber unit on the forward control subchannel which instruct the mobile to raise or 
lower its transmitted power in 1 dB steps. If the received signal is low, a '0' is transmitted over 
the power control subchannel, thereby instructing the mobile station to increase its mean output 
power level. If the mobile's power is high, a '1' is transmitted to indicate that the mobile station 
should decrease its power level. The power control bit corresponds to two modulation symbols 
on the forward traffic channel. Power control bits are inserted after data scrambling as shown in 
Figure 11.16. 

Power control bits are transmitted by using puncturing techniques [TIA93]. During a 
1.25 ms period, twenty-four data symbols are transmitted, and IS-95 specifies sixteen possible 
power control group positions for the power control bit. Each position corresponds to one of 
the first sixteen modulation symbols. Twenty-four bits from the long code decimator are used 
for data scrambling in a period of 1.25 ms. Only the last 4 bits of the 24 bits are used to deter- 
mine the position of the power control bit. In the example shown in Figure 11.16, the last 4 bits 
(23, 22, 21, and 20) are ' 1011' (1 1 decimal), and the power control bit consequently starts in 
position eleven. 
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20 ms = 16 Power Control Groups 
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Figure 11.16 Randomization of power control bit positions in a IS-95 forward traffic channel. 



J 1.4.2.6 Orthogonal Covering 
Orthogonal covering is performed following the data scrambling on the forward link. Each traf- 
fic channel transmitted on the forward CDMA channel is spread with a Walsh function at a fixed 
chip rate of 1 .2288 Mcps. The Walsh functions comprise of sixty-four binary sequences, each of 
length 64, which are completely orthogonal to each other and provide orthogonal channelization 
for all users on the forward link. A user that is spread using Walsh function n is assigned channel 
number n (n = 0 to 63). The Walsh sequence repeats every 52.083 jlls, which is equal to one 
coded data symbol. Jn other words, each data symbol is spread by 64 Walsh chips. 
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The 64 by 64 Walsh function matrix .(also called a Hadamard matrix) is generated by the 
following recursive procedure: 

0 0 

H, = 0 H 2 = Q1 

oooo H H 

H = 0 1 0 1 = N _^ , where N is a power of 2. 

4 0 0 1 1 H N 
0 110 

Each row in the 64 by 64 Walsh function matrix corresponds to a channel number. For 
channel number n, the symbols in the transmitter are spread by the sixty-four Walsh chips in the 
nth row of the Walsh function matrix. Channel number 0 is always assigned to the pilot channel. 
Since Channel 0 represents Walsh code 0, which is the all zeros code, then the pilot channel is 
nothing more than a "blank" Walsh code and thus consists only of the quadrature PN spreading 
code. The synchronization channel is vital to the IS-95 system and is assigned channel number 
32. If paging channels are present, they are assigned to the lowest code channel numbers. All 
remaining channels are available for forward traffic channels. 

11.4.2.7 Quadrature Modulation 
After the orthogonal covering, symbols are spread in quadrature as shown in Figure 1 1.14. A short 
binary spreading sequence, with a period of 2 15 -1 chips, is used for easy acquisition and synchroni- 
zation at each mobile receiver and is used for modulation. This short spreading sequence is called 
the pilot PN sequence, and it is based on the following characteristic polynomials: 

Prfx) = x 15 + jc 13 + x 9 + jc 8 + jc 7 + r 5 + 1 
for the in-phase (/) modulation and 

P Q (x) = x ]5 +x n + x u +x l0 +x 6 + x 5 + xUx 3 +\ 

for the quadrature (Q) modulation. 

Based on the characteristic polynomials, the pilot PN sequences i(n) and q(n) are generated 
by the following linear recursions: 

i(n) = i(;i-15) 8 i(n-10)8 i(rc-8)e i(n-D® i(n-6)& i{n-2) 

q(n) = q(n-15)® g(n-13)© q(n-U) © g(n-10)e q(n-9) e <?(n-5) © <?(n-4) 
0 q(n-3) 

where the in-phase and quadrature PN codes are used respectively, and © represents modulo-2 
addition. A '0' is inserted in each sequence after the contiguous succession of fourteen '0's to 
generate pilot PN sequences of length 2 15 . The initial state of both / and Q pilot PN sequences is 
defined as the state in which the output of the pilot PN sequence generator is the first T output 
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